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NOVEL STREPTOCOCCUS THERMOPHILIC STRAINS PRODUCING STABLE HIGH- 
MOLECULAR-MASS EXOPOLYSACCHARIDES 

FIELD OF THE INVENTION 

The invention relates to the field of methods for producing large amounts of 
5 exopolysaccharides. The invention more specific relates to the characterization of a 
Streptococcus thermophilus strain producing a stable high-molecular-mass 
heteropolysaccharide, and to the use of said Streptococcus thermophilus strain in and as 
functional starter culture and in the production of dairy products. 



1 0 BACKGROUND OF THE INVENTION 

Sugar polymers or exopolysaccharides (EPS) produced by lactic acid bacteria (LAB) can 
be subdivided into two groups: homopolysaccharides and heteropolysaccharides 
(Cerning, 1990, 1995; De Vuyst & Degeest, 1999). Four groups of homopolysaccharides 
can be distinguished: a-D-glucans, (3-D-glucans, (3-D-fructans, and others like 

15 polygalactan (Monsan et al., 2001). Strain-specific differences occur that depend on the 
degree of branching and the different linking sides. Heteropolysaccharides are produced 
by LAB in a greater variety concerning chemical composition, monomer ratio, molecular 
mass and molecular structure (De Vuyst et al., 2001; Faber et al M 2002). Their repeating 
units most often contain a combination of Z>glucose, Z>galactose, and L-rhamnose, and, 

20 in a few cases, fucose, nononic acid, ribose, acetylated amino sugars and glucuronic 
acid, as well as non-carbohydrate substituents such as phosphate, acetyl and glycerol. 
Heteropolysaccharides receive renewed interest because of their functional role in food 
systems such as enhancement of viscosity, suspension of particulates, inhibition of 
syneresis, stabilization, and emulsification. For instance, the use of ropy, EPS-producing 

25 LAB strains is applied in the manufacture of yoghurt to obtain a smooth texture and a 
good mouthfeel. 

The In situ production of these sugar polymers by the yoghurt bacteria is applied as an 
alternative to the addition of animal hydrocolloids (gelatine and casein) or chemically 
modified plant carbohydrates (starch, pectin, guar gum, etc.). EPS from non-GRAS 
30 (Generally Recognized As Safe) microbial origin (xanthan or gellan) are used in foods as 
well. However, not all these food additives are allowed in all countries. 
Furthermore, the amounts of EPS produced by LAB are low and their production is 
unstable, particularly in milk (Degeest et al., 2001b). 
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Due to the low amount of EPS produced by LAB strains and the transitory nature of the 
exopolysaccharide trait (Cerning, 1990), the use of these compounds as food-grade 
additives is still limited. Until present, only dextran homopolysaccharides from LAB found 
industrial applications, albeit in the non-food sector (Monsan et al., 2001). 
5 Further, the construction of genetically modified strains might allow the production of 
higher levels of EPS or new biopolymers. However, the use of genetically modified 
microorganisms in the food industry is hindered by the hostility of the consumer. 
Therefore there is a growing need for the optimisation of fermentations with respect to 
physical and environmental factors, with rationally selected strains for use in the food 
1 0 industry. 

There is further an industrial need for strains that produce high amounts of stable EPS in 
a safe and simple environment. 

SUMMARY OF THE INVENTION 

1 5 The present invention relates to a Streptococcus thermophilus ST 1 1 1 strain as deposited 
on May 29, 2002 under the accession number LMG P-21524 at the Belgian Coordinated 
Collections of Microorganisms (BCCM), and strains substantially similar thereto, encoding 
exopolysaccharide production. 

The present invention relates to a Streptococcus thermophilus ST 1 1 1 strain as deposited 
20 on May 29, 2002 under the accession number LMG P-21524, encoding 
exopolysaccharide production. 

The present invention further relates to a functional starter culture or a co-culture 
comprising an exopolysaccharide-producing lactic acid bacterial strain as described 
above. 

25 According to another embodiment the invention relates to the use of a functional starter 
culture or a co-culture as described above for the production of high-molecular-mass 
heteropolysaccharides of at least 2.10 6 Dalton during fermentation, preferably for the 
fermentation of a food product. 

The invention also relates to a method for preparing an exopolysaccharide comprising 
30 culturing an exopolysaccharide-producing lactic acid bacterial strain in a medium 
comprising milk and lactalbumin hydrolysate, or in a medium comprising milk and 
lactalbumin hydrolysate and at least one additional mono-or disaccharide. 
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According to another embodiment, the methods of the invention are characterized in that 
at least 60 % or 80 % by weight of said exopolysaccharide has a molecular mass of at 
least 2.10 6 Dalton. Preferably, said said exopolysaccharide has the following structure: 

(Rha(a1^2)Gal(a1-^3)Gal(a1->3)Gal(al^3)[Ga)01^6) Gal(p1^4)]Rha(a1->2)-)N, 

5 wherein N is between 800 and 7000. 

According to a further embodiment, said monosaccharide is chosen from glucose, 
galactose or fructose, or said disaccharide is sucrose. 

In a more specific embodiment, the invention relates to any method described above 
wherein a strain according to claim 1 is used. 

10 The invention also relates to a high-molecular-mass exopolysaccharide of at least 2.10 6 
Dalton obtainable by any of the methods of the invention. 

According to another embodiment the invention relates to a method for improving the 
texture of a fermented product comprising adding at the start of or during the fermentation 
process, a culture of the Streptococcus thermophilus ST 1 1 1 strain of claim 1 . 

1 5 According to another embodiment the invention relates to a method for improvement of 
water retention in a fermented product comprising adding at the start of or during the 
fermentation process, a culture of Streptococcus thermophilus ST 1 1 1 strain of claim 1 . 

According to another embodiment the invention relates to a method for decreasing 
syneresis of a fermented product comprising adding at the start of or during the 
20 fermentation process, a culture of the Streptococcus thermophilus ST 1 1 1 strain of claim 
1. 

According to another embodiment the invention relates to a method for improvement of 
water retention during the fermentation process comprising adding at the start of or during 
the fermentation process, a culture of the Streptococcus thermophilus ST 1 1 1 strain of 
25 claim 1. 

According to another embodiment the invention relates to a method for producing a dairy 
product comprising adding to the initial dairy product starter culture or adding during the 
fermentation process, a culture of the Streptococcus thermophilus ST 111 strain 
according to claim 1 . 

30 The invention also relates to the use of a Streptococcus thermophilus ST 1 1 1 strain of 
claim 1 for the production of high-molecular-mass heteropolysaccharides of at least 10 6 
Dalton in food fermentation processes. 
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The invention also relates to the use of a functional starter culture or a co-culture 
comprising a Streptococcus thermophilus ST 1 1 1 strain of claim 1 wherein said food 
product is a dairy product, preferably said dairy product is chosen from the group of milk 
products, fermented milk drinks, yoghurts, cheeses, sour cream, whipped toppings, quark 
5 and kefir. 

The invention further relates to any dairy product obtainable by any of the methods of the 
invention, preferably said dairy product is a Mozzarella cheese. 

According to a still further embodiment the invention relates to a functional starter culture 
for the fermentation of a yoghurt comprising a culture of the Streptococcus thermophilus 
10 ST 1 11 strain of claim 1 and a culture of Lactobacillus delbrueckii subsp. bulgaricus. 

The invention also relates to the use of a high-molecular-mass exopolysaccharide of at 
least 2.10 6 obtainable by any of the methods of the invention as an additive to a 
fermented or non-fermented food product. 

The invention also relates to the use of a high-molecuiar-mass exopolysaccharide of at 
1 5 igh-molecular-mass exopolysaccharide of at least 2.10 6 obtainable by any of the methods 
of the invention as an additive to a fermented or non-fermented food product for 
improving water retention of the food product, and/or for decreasing syneresis, and/or for 
improving the texture of said food product. 

The invention further relates to any of the uses described above wherein said food 
20 product is chosen from the group of milk products, fermented milk drinks, yoghurts, 
cheeses, soups, sour cream, whipped toppings, quark, kefir and sauces. 

According to another embodiment the invention relates to a functional starter culture or a 
co-culture comprising an exopolysaccharide-producing lactic acid bacterial strain for the 
production of high-molecular-mass heteropolysaccharides of at least 2.10 6 Dalton during 
25 fermentation. 

DETAILED DESCRIPTION OF THE INVENTION 

The present inventors identified a novel exopolysaccharide (EPS) producing 
Streptococcus thermophilus strain, named ST 1 1 1, which they isolated from an artisanally 
30 produced Romanian yoghurt. 

Therefore, according to a first embodiment, the invention relates to a Streptococcus 
thermophilus ST 1 1 1 strain as deposited on May 29, 2002 under the accession number 
LMG P-21524 and strains substantially similar thereto encoding exopolysaccharide 
production. 
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The inventors elucidated the structure of this pure, high-molecular-mass 
exopolysaccharides produced by Streptococcus thermophilus ST 111 by nuclear 
magnetic resonance (NMR) spectroscopy. The production of EPS by S. thermophilus ST 
111 shows a high selectivity with regard to said heteropolysaccharide which is essentially 
5 composed of repeating heptasaccharide units comprising galactose and rhamnose in a 
5:2 ratio. 

The term "exopolysaccharide" refers to homopolysaccharides as well as to 
heteropolysaccharides. "Heteropolysaccharides" are intracellular^ synthesized and 
extracellularly secreted sugar polymers composed of a repeating unit that contains two or 
1 0 more different monosaccharides. "Homopolysaccharides" are composed of one type of 
monosaccharide. 

The variation in monomers that build up the repeating units of EPS produced by LAB is 
rather restricted (De Vuyst & Degeest, 1999; De Vuyst et al., 2001). />galactose, D- 
glucose and L- rhamnose are almost always present, but in different ratios. S. 

15 thermophilus ST 111 produces a heteropolysaccharide composed of repeating 
heptasaccharide units comprising galactose and rhamnose in a 5:2 ratio. The NMR 
structure of the heptasaccharide repeating unit is represented in Figure 3. 
The inventors further identified the EPS produced by S. thermophilus ST 111 as a stable 
heteropolymer EPS with a molecular mass above 2.10 6 Dalton. The production of EPS by 

20 S. thermophilus ST 1 1 1 shows a high selectivity with regard to said heteropolysaccharide 
composed of repeating heptasaccharide units comprising galactose and rhamnose in a 
5:2 ratio. 

The invention thus also relates to a Streptococcus thermophilus ST 1 1 1 strain and strains 
substantially similar thereto capable of producing a high-molecular-mass 

25 exopolysaccharide, such as essentially the one represented in Figure 3 and Figure 5. 

According to a further embodiment the invention relates to a method for preparing an 
exopolysaccharide comprising the steps of (i) providing an exopolysaccharide-producing 
lactic acid bacterial strain, (ii) culturing said strain under conditions allowing production of 
exopolysaccharide, and optionally (iii) isolating the exopolysaccharide from the culture 

30 medium. 

In one embodiment of the invention such method can be used for the production of an 
EPS or an EPS-containing product, either of which can be used as an additive for food 
products. In another embodiment the method can be used for in situ production of an 
EPS comprising growing a Streptococcus thermophilus ST 111 strain or a strain 
35 substantially similar thereto in a dairy liquid medium under conditions whereby said EPS 
is formed until the culture has reached a relative high density of said streptococci, for 
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instance in the order of 10 7 to 10 12 colony forming units (CFU) per ml, preferably from 10 9 
to10 10 CFU per ml. 

According to a further embodiment the invention thus relates to a process for in situ 
production of an exopolysaccharide, essentially a heteropolysaccharide having a subunit 
5 structure as represented in Figure 3A, comprising growing S. thermophilus ST 1 1 1 in an 
edible medium such as a dairy liquid under conditional whereby EPS is formed until the 
number of Streptococci is in the order of 10 7 to 10 12 CFU per ml, preferably from 10 9 to 
10 10 CFU per ml. 

The density of a culture is measured by its optical density (OD). However an indicative 
10 measure for representing the growth and/or fitness of a culture during fermentation is the 
maximum specific growth rate (h' 1 ) which is calculated as the maximum slope from 
the linearised values of the optical density as a function of the fermentation time (h). For 
the aims of the present invention it is desirable that the fermentation culture has a high 
Mmax, preferably higher than 0.4 (h' 1 ), more preferably at least 0.8 (h" 1 ), 1.0 (h" 1 ), 1.1 (h' 1 ), , 
15 1.2 (h* 1 ), 1.3 (IV 1 ), 1.4 (h' 1 ), 1.5 (IV 1 ), 1.6 (IV 1 ), 1.7 (h 1 ), 1.8 (h" 1 ), 1.9 (h' 1 ), or at least 2(h~ 1 ) 
or more. 

According to a further embodiment the invention thus relates to a process for in situ 
production of an exopolysaccharide, essentially a heteropolysaccharide having a subunit 
structure as represented in Figure 3A, comprising growing S. thermophilus ST 1 1 1 in an 
20 edible medium such as a dairy liquid under conditions whereby EPS is formed until the 
maximum specific growth rate p max of the culture reaches at least 0.4 (h" 1 ) t more 
preferably at least 0.8 (h' 1 ), 1.0 (IV 1 ), at least 1.5 (If 1 ), at least 1.8 (IV 1 ), at least 1.9 (h" 1 ), 
or at least 2 (h* 1 ) or more. 

An EPS producing Streptococcus thermophilus strain can impart a ropy character and/or 
25 a smooth and creamy texture to the fermented product. Furthermore, the EPS provides to 
the resulting fermented food product or to the food product comprising EPS as an additive 
other highly desired properties such as enhancing the viscosity, which leads to an 
improved texture build-up and to less solid products (e.g. rheological properties); or such 
as improving the water binding capacity which leads to no or less syneresis. 
30 EPS can also display biological activities which are especially advantageous for human or 
animal health such as its antitumour, probiotic, cholesterol lowering, anti-ulcer activity. 
The "texture" of a product, as meant herein, is due to the existence of a protein gel, 
mainly constituted of caseins, the interactions between proteins and polysaccharides, the 
presence of bacterial cells, the binding of hydratation water that reduces the amount of 
35 free water molecules and consequently increases the apparent concentration of the EPS 
in the serum phase. Bacterial EPS influence the rheology and texture of fermented 
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products. Therefore, EPS may act as texturizers and stabilizers avoiding the use of food 
additives. An increased viscosity of the food product not only results in a pleasant 
mouthfeel but also contributes to an increased taste perception (longer residence time in 
the mouth). The aim of using EPS producing strains in the production of fermented food 
5 products or the use of EPS as an additive is to obtain an appealing visual appearance 
(gloss) of a product, to prevent syneresis, to have a creamy and firm texture, and to give 
a pleasant mouthfeel. However, since production of one kind of EPS may not satisfy all 
texture specifications, the production of several startercultures may be required. 
The term "syneresis" means separation of the serum (whey) in fermented milk products 
10 and is usually visible on top of fermented milk products. Syneresis preferably should not 
occur and can be avoided by the methods of the present invention. 

Therefore, the invention relates to a method for improving the texture of a fermented 
product comprising adding during the fermentation process or adding to the fermentation 
starter culture, a culture of an exopolysaccharide-producing lactic acid bacterial strain 

1 5 producing a high-molecular-mass heteropolysaccharide of at least 2.10 6 Dalton. 

It should be understood that the exopolysaccharide-producing lactic acid bacterial strain 
may be added at different moments during the fermentation process. According to one 
embodiment of the invention the EPS-producing LAB is the sole bacterium used in the 
fermentation process and is used as a starter culture for the fermentation. According to 

20 another embodiment, the EPS-producing LAB is present as a co-culture in the initial 
starter culture. According to still another embodiment, the EPS-producing LAB can be 
added at any time during the fermentation process. In the latter embodiment, optionally 
other LAB strains can be added providing additional functionalities, such as improvement 
of taste or odor or aroma. 

25 The term "culture" " refers to any sample or specimen which is suspected of containing 
one or more microorganisms. Further, the term culture as used herein also relates to 
"starter culture", "functional starter culture" and "co-culture". 

The invention further relates to a method for improvement of water retention during the 
fermentation process comprising adding during the fermentation process or adding to the 
30 fermentation starter culture, a culture of an exopolysaccharide-producing lactic acid 
bacterial strain producing a high-molecular-mass heteropolysaccharide of at least 2.10 6 
Dalton. 

According to another embodiment the invention relates to a method for improvement of 
water retention in a fermented product comprising adding during the fermentation process 
35 or to the fermentation starter culture, a culture of an exopolysaccharide-producing lactic 
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acid bacterial strain producing a high-molecular-mass heteropolysaccharide of at least 
2.10 6 Dalton. 

The invention further relates to a method for decreasing syneresis of a fermented product 
comprising adding during the fermentation process or to the fermentation starter culture, 
5 a culture of an exopolysaccharide-producing lactic acid bacterial strain producing a high- 
molecular-mass heteropolysaccharide of at least 2.10 6 Dalton. 

Further, the invention relates to any of the above mentioned methods wherein a culture of 
the Streptococcus thermophilus strain ST 111 of the invention is added to the 
fermentation. 

1 0 One of the interesting embodiments of the invention relates to a method for producing a 
dairy product comprising adding to the initial dairy product starter culture or adding during 
the fermentation process, a culture of the Streptococcus thermophilus ST 1 1 1 strain of 
the invention. 

The inventors further studied the influence of temperature, pH, and medium composition 
15 on the production, molecular mass and monomer composition of the EPS. They found 
that maximum EPS production with S. thermophilus ST 1 1 1 is at temperatures optimal for 
growth. 

As such, the "conditions" in the method above comprise culturing EPS producing LAB, for 
instance S. thermophilus ST 111, at temperatures between 20°C and 49°C or between 
20 20°C and 46°C or between 25°C and 46°C, preferably at temperatures between 32°C and 
42°C. As shown in the Examples section, the most interesting temperatures for culturing 
LAB in order to produce high amounts of EPS is 37°C or 42°C. 

Further, both growth and EPS production were influenced by the pH value of the medium. 
As such, the "conditions" in the method above comprise culturing EPS producing LAB, for 
25 instance S. thermophilus ST 1 1 1 , at a pH between 5.0 and 6.2 or between 5.3 and 7.5, 
preferably at a pH between 5.5 and 6.7. As shown in the Examples section, the most 
interesting pHs for culturing LAB in order to produce high amounts of EPS are 5.8, 6.2 or 
6.6. 

In fermentation at a controlled temperature of 42°C and at a constant pH of 6.2, S. 

30 thermophilus ST 1 1 1 shows satisfying growth and EPS production. 

Under the conditions described above, a high production of exopolysaccharide was 
obtained. In most conditions, a production of at least 3 g.l" 1 was obtained. 
The inventors further found that the monomer composition of said high-molecular-mass 
exopolysaccharide produced by S. thermophilus ST 111 was not influenced by the 

35 physical growth conditions, such as pH and temperature. Figure 5 represents a gel 
permeation chromatogram of EPS produced by S. thermophilus ST 1 1 1 by the methods 
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described herein, showing a distinct peak of the pure EPS with negligible or no 
degradation into lower molecular mass products. 

The invention thus relates to the above method characterized in that a stable high- 
molecular-mass exopolysaccharide production is obtained, with no or negligible 
5 degradation into lower molecular mass products. Preferably the above methods are 
characterized in that at least 60 %, 65 % or 80 %, or more preferably at least 85% or 90% 
or 95% of said exopolysaccharide has a molecular mass of at least 1 0 6 Dalton or at least 
2.1 0 6 Dalton, more preferably at least 2.5 timeslO 6 Dalton, 3.10 6 Dalton, 3.5 times 10 6 
Dalton, most preferably at least 4.10 6 Dalton, 5.10 6 Dalton, 6.10 6 , 7.10 6 , 8.1 0 6 Dalton or 
10 more. 

The invention also relates to a method characterized in that said exopolysaccharide is a 
polymer of heptasaccharide units composed of galactose and rhamnose in a 5:2 ratio, for 
instance having the structure as depicted in Figure 3: 

1 5 p-D-Galp-(l-6)-0-D-Gal/? 

1 
i 
4 

2)-a-L-Rha/?-(l-^2)-a-D-Galp-U^ 
20 , — 



N 



wherein N is between 800 and 5000, preferably between 814 and 4886, or wherein N Is at 
least 1000, 1500, 2000, 2500, 3000, 3500, 4000, 4500, 5000, 5500, 6000, 6500 or at 
least 7000 or any number in-between these numbers. 

Another way of representing the structure of the high-molecular-mass exopolysaccharide 
25 of the invention is as follows: (Rha(a1-»2)Gal(a1^3)Gal(a1^3)Gal(a1-^3)[Gal(pi-^6) 
GaI(p1^4)]Rha(a1->2)-)N or (Rhaa2Gala3Gala3Gala3(Gaip6Gaip4)Rhaa2-)N, with N 
having the same meaning as defined above. 

Although Streptococcus thermophilus ST 1 1 1 grows only slowly in milk when it is not 
enriched with additional energy or nitrogen sources such as tryptone or casamino acids, 

30 higher yields of EPS are achieved when growing Streptococcus thermophilus ST 1 1 1 in 
commercial available MRS, M17 or HJL medium. However, these media are not attractive 
for industrial use because they all contain contaminating (undesired) polysaccharide 
material from medium constituents which remain in the produced and isolated EPS 
fraction. Furthermore the above-mentioned commercial available media are not the ones 

35 commonly used in industrial fermentation processes. 

Therefore, a suitable medium for the preparation of high-molecular-mass 
exopolysaccharide is milk medium enriched with lactalbumine hydrotysate. It is herein 
demonstrated that a significant elevated production of EPS can be obtained in milk 
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medium containing only 1.6 % of lactalbumine hydroiysate as an additional ingredient. 
Surprisingly, an even more elevated production was obtained when the medium was 
supplemented with at least one additional sugar (or carbon) source, such as a mono- or 
disaccharide. In the Examples sections it is shown that an exceptional amount of more 
5 than 3g of polymer dry mass (PDM) of EPS per liter medium could be recovered when 
sucrose was used as an additional carbohydrate source in milk enriched with lactalbumine 
hydroiysate. 

Both structure and molecular mass influences the rheological properties of a 
polysaccharide. The high-molecular-mass EPS produced by the LAB of the present 

10 invention has excellent rheological properties, as illustrated in Example 9, for instance for 
the high-molecular-mass EPS produced by Streptococcus thermophilus ST 1 1 1 . 
Streptococcus thermophilus ST 111 strain produced a stable high-molecular-mass 
heteropolysaccharide in milk of which the production can be increased significantly by 
addition of ingredients such as lactalbumine hydroiysate. An even higher production was 

15 found when, in addition to lactalbumine hydroiysate, a mono- or disaccharide was added 
to the milk medium, such as for instance glucose, galactose, fructose, or sucrose. 
The term "milk" as used herein can be ordinary milk standardized to a particular protein 
and/or fat content according to the desired end product and the process to be applied. 
The milk can also be reconstituted milk from powdered milk, for instance commercially 

20 available skimmed milk powder at commonly used concentrations. The milk can include 
other materials e.g. buttermilk, skim milk, butterfat, vegetable fat etc. The milk may have 
been pasteurized and/or treated at high temperature and/or homogenized. The milk may 
be obtained from any mammal known to produce sufficient amounts of milk for use in 
food industry. Mammals which produce milk for industrial or artisanal use are for instance 

25 cows, sheep, goats, horses, buffalo's, etc. It should be understood that this list is non- 
exhaustive. Milk as used in the processes of the invention may also be derived from 
plants, for instance from Soya. 

"Lactalbumine hydroiysate" is an enzymatically hydrolysed protein derived from whey. 

The invention thus relates to any of the methods described herein comprising culturing 
30 exopolysaccharide-producing lactic acid bacterial strain in a medium comprising milk and 

lactalbumine hydroiysate. Said lactalbumine hydroiysate may be present in the medium at 

a concentration between 0% and 16%, preferably at a concentration of 0%, 0.5%, 1%, 

1.5%, 1.6%, 2%, 3%, 4%, 5%, 6%, 7%, 8%, 9%, 10%, 11%, 12%, 13%, 14%, 15%, 16% 

or any concentration in-between these units. 
35 According to a more interesting embodiment, the exopolysaccharide-producing lactic acid 

bacteria are grown in a medium comprising milk, lactalbumine hydroiysate and at least 
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one additional mono- or disaccharide carbon (or energy) source, for instance fructose 
and/or galactose, more preferably glucose and/or sucrose. 

It should be understood that any other mono- or disaccharide can be used as an additive 
to the milk in the methods of the invention, as long as it may be demonstrated that this 
5 results in an additional elevation of the EPS production when compared to the EPS 
produced in milk with lactalbumine hydrolysate alone. Furthermore the concentration of 
said additional carbon (or energy) source used in the milk medium above may be 
between 0% and 10%, preferably at a concentration of 0%, 0.5%, 1%, 1.5%, 1.6%, 2%, 
3%, 4%, 5%, 6%, 7%, 8%, 9%, 10%, or any concentration in-between these units. 

10 This modified milk medium thus has the advantage to enhance the bacterial growth and 
EPS production without the interference of medium components with the isolation of EPS. 
The invention further relates to any of the above described methods of the invention 
wherein a culture of the Streptococcus thermophilus ST 1 1 1 strain is used. 
According to a preferred embodiment the invention relates to a method for preparing an 

15 exopolysaccharide comprising culturing Streptococcus thermophilus ST 111 strain as 
deposited on May 29, 2002 under the accession number LMG P-21524, in a medium 
comprising milk and lactalbumine hydrolysate, optionally supplemented with at least one 
additional mono-or disaccharide. 

The invention further relates to the use of Streptococcus thermophilus ST 111 in food 
20 fermentations such as processes producing fermented milk products, yoghurt and cheese 
for texture improvement and for decreasing syneresis during fermentation and in the 
fermented product. 

According to a further embodiment, the EPS can optionally be isolated after fermentation 
by any suitable technique, e.g. as described in the Examples Section. Due to the high 

25 production under the conditions herein defined, a large part of the produced EPS appears 
as a "floating" fraction after aceton precipitation as described in the Examples section. ' 
Therefore, a very simple and easy -to-perform isolation technique can be applied 
essentially consisting of removal of the floating EPS material by spinning the EPS on a 
rod or by skimming off the floating fraction from the solution after aceton precipitation. 

30 The invention further relates to a high-molecular-mass exopolysaccharide of at least 2.1 0 6 
Dalton obtainable by any of the methods described herein. 

The invention also relates to a high-molecular-mass exopolysaccharide of at least 2.10 6 
Dalton obtained by any of the methods herein described. 

The surprisingly enhanced production of high-molecular-mass heteropolysaccharides 
35 when Streptococcus thermophilus ST 1 1 1 is grown in a natural food system, such as milk 
supplemented with lactalbumine hydrolysate and at least one additional carbon (or 
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energy) source, for instance at least one mono- or disaccharide as demonstrated by the 
present inventors, makes the potential use of this strain in fermentation processes more 
challenging, because these mono or disaccharides are readily used as sweeteners in 
fermented milk products. 
5 According to a specific embodiment the invention thus relates to the use of a lactic acid 
bacterial strain for the production of high-molecular-mass heteropolysaccharides of at 
least 2.10 6 Dalton in food fermentation processes, for instance the Streptococcus 
thermophilus ST 1 1 1 strain as defined in the invention. 

The production of fermented food is based on the use of starter cultures. The term 
10 "starter culture" refers to microorganisms that initiate a rapid acidification of the raw 
material, contributing to prolonged shelf life, an improved texture, and a desirable 
aromatic and sensorial profile of the end product. Through rational selection of bacterial 
strains it is possible to suppress undesirable and express desirable properties of starter 
cultures. Recently, the use of functional starter cultures for the food fermentation industry 
15 is being explored. Examples are the insertion of rationally selected strains, such as the 
strains of the invention, as starter culture or co-culture in fermentation processes to help 
to achieve an in situ expression of the desired property, while maintaining a perfectly 
natural product. 

"Functional starter cultures" as used herein thus refers to starter cultures that possess at 
20 least one inherent, functional property. In the present invention starter cultures that 
produce large amounts of exopolysaccharides, for instance high-molecular-mass 
heteropolysaccharides of more than 2.1 0 6 Dalton, for instance having a monomer 
composition as illustrated in Figure 3, such as produced by Streptococcus thermophilus 
strain ST 111, are examples of functional starter cultures. The secreted 
25 heteropolysaccharides may impart to the fermented end product for instance a more 
viscous or thicker or smooth texture, or for instance a good mouthfeel. 
It should be clear that the present invention can be reduced to practice at least in each of 
the fermentation processes illustrated in Table 7. The invention thus relates to the use of 
an exopolysaccharide-producing lactic acid bacterium, for instance Streptococcus 
30 thermophilus ST 111 for the production of large amounts of high-molecular-mass 
heteropolysaccharides in at least one of the food fermentation processes with their 
associated microorganisms as shown in Table 7. 

The present invention thus also relates to a starter culture as described above for the 
fermentation of a food product. Said food product can be any fermented food product as 
35 mentioned in Table 7. In an interesting embodiment said food product is chosen from a 
milk product, a fermented milk product, yoghurt, or a cheese. 
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It should be clear that whenever herein the expression "fermented product" or "fermented 
food product" is used, each of the fermented food products mentioned in Table 7 could be 
meant, depending on the type of fermentation used. Furthermore it should be clear that 
this list of fermented food products is a non-exhaustive list. 
5 In case the exopolysaccharide-producing lactic acid bacterial strains, such as 
Streptococcus thermophilus ST 11 1 , are added to aid to the fermentation/acidification of 
specific food products, the term "starter culture" is used herein. However, in case said 
exopolysaccharide-producing lactic acid bacterial strains only play a minor role in the 
fermentation process, and their presence is mainly determined by their capacity to confer 
10 an additional functional property to the starter culture, the term "co-culture" or "adjuvant 
culture" is mainly used. 

Therefore, the present invention also relates to a functional starter culture comprising an 
exopolysaccharide-producing lactic acid bacterial strain for the production of high- 
molecular-mass heteropolysaccharides of at least 2.10 6 Dalton during fermentation. 

15 As already described earlier, the production of fermented food is based on the use of 
starter cultures. Interesting starter cultures are functional starter cultures that possess at 
least one inherent functional property. According to the present invention, a functional 
starter culture is a starter culture comprising a Streptococcus thermophilus ST 1 1 1 strain 
as defined herein for the production of high-molecular-mass heteropolysaccharides. 

20 The invention further also relates to a co-culture comprising an exopolysaccharide- 
producing lactic acid bacterial strain for the production of high-moiecular-rnass 
heteropolysaccharides of at least 2.1 0 6 Dalton during fermentation. 
Interesting co-cultures according to the invention are those comprising a Streptococcus 
thermophilus strain according to the invention. 

25 The invention relates to the use of Streptococcus thermophilus for the preparation of 
functional starter cultures and co-cultures in food fermentations. 

Further, said functional starter cultures or co-cultures may be used for the fermentation of 
a food product, for instance said food product being a dairy product chosen from the 
group of milk products, fermented milk drinks, yoghurt, cheeses, sour cream, whipped 
30 toppings, quark and kefir. 

The invention further relates to a dairy product obtainable by any of the methods of the 
invention. 

According to an interesting embodiment of the invention, starter cultures producing EPS 
are promising for the production of low-fat Mozzarella cheese to enhance moisture 
35 retention. Therefore the invention more generally relates to any of the methods of the 
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invention wherein Streptococcus thermophilus ST 111, for instance as a functional starter 
culture or as a co-culture, is used for the production of a Mozzarella cheese. 
Also EPS may play an important role in the textural and sensorial quality of bread 
Another embodiment of the present invention relates to a functional starter culture for the 
5 fermentation of a yoghurt comprising a culture of the Streptococcus thermophilus ST 1 1 1 
strain as herein defined and a culture of Lactobacillus delbrueckii subsp. bulgaricus. 
However, it is contemplated that in cases where it is not possible to add the bacterial 
strain that produces the exopolysaccharide, such as Streptococcus thermophilus ST 1 1 1 , 
itself to the starter culture or to the food product, isolated exopolysaccharide derived from 

10 or originating from Streptococcus thermophilus ST 1 1 1 can be used instead. 

The invention thus relates to the use of the high-molecular-mass heteropolysaccharide as 
an additive in fermented as well as in non-fermented food products. 
Therefore, the invention also relates to the use of a high-molecular-mass 
exopolysaccharide of at least 2.10 6 Dalton obtained by or obtainable by any of the 

15 methods of the invention as an additive to fermented or non-fermented food. The 
production processes described herein allow for a high yield of said exopolysaccharides, 
for instance using the strains of the invention under the optimized culture conditions 
herein described. Moreover the EPS produced by the methods of the invention is very 
easy to isolate in a simple way providing highly pure product. 

20 The exopolysaccharide can be applied as a "friendly" labeled additive in the production of 
any of the above-mentioned food products using processes familiar to those skilled in the 
art. The level of exopolysaccharide will generally be from 0.01 to 15 %, wt/vol, more 
preferred from 0.1 to 10 %, wt/vol, most preferred from 0.5 to 5 %, wt/vol. 
More specific, the invention relates to the use of a high-molecular-mass 

25 exopolysaccharide of at least 2.1 0 6 Da obtained by or obtainable by any of the methods of 
the invention as an additive to a fermented or non-fermented food product for improving 
water retention of the food product, for instance for decreasing syneresis, or for improving 
the texture of said food product. Said food product may be chosen from the group of milk 
products, fermented milk drinks, yoghurt, cheeses, ice cream, soups, sour cream, 

30 whipped toppings, quark, kefir and sauces or chosen from the fermented products shown 
in Table 7. 

The invention, now being generally described, will be more readily understood by 
reference to the following examples, which are included merely for purposes of illustration 
of certain aspects and embodiments of the present invention and are not intended to limit 
35 the invention. 
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Table 1. Growth and exopolysaccharide production of S. thermophilus ST 111 in different 
media at 42°C and free pH after 12 h of incubation. 

5 

Table 2. Influence of the medium composition oh growth and EPS production for strain S. 
thermophilus ST 1 1 1 ; fermentations were performed at 37 °C and constant pH of 5.8 

Table 3. Influence of temperature on growth and EPS production for strain S. 
10 thermophilus ST 111; fermentations were performed in milk supplemented with 1.6 % of 
lactalbumine hydrolysate, at a constant pH of 5.8 

Table 4. Influence of the pH value on growth and EPS production for strain S. 
thermophilus ST 111; fermentations were performed in milk supplemented with 1.6 % of 
1 5 lactalbumine hydrolysate, at 42 °C 

Table 5, Influence of a constant pH of the fermentation medium on the molecular mass of 
the EPS produced by S. thermophilus ST 111 in milk with lactalbumine hydrolysate (1.6 
%, rn/v) at a constant temperature of 42°C. Because all molecular mass values were 
20 above 2.0 x 10 6 Da, the retention times of the corresponding peaks are reported. Sample 
times were linked to the amount of NaOH (10N) added to the fermentor. Two samples 
were collected after 12 h and 24 h of fermentation, respectively. 

Table 6. The influence of sugar combinations on the fermentation parameters of S. 
25 thermophilus ST1 1 1 grown in milk medium. 

Table 7 . Fermented foods and their associated lactic acid bacteria 

Figure 1. Influence of temperature on the specific growth rate Umax (in h~ 1 ) of S. 
30 thermophilus ST111 in milk enriched with 1.6 % (m/v) lactalbumine hydrolysate at a 
constant pH 5.8. The solid line is drawn according to the model (Rosso et a/., 1995). 
Symbols represent the experimental data obtained by fermentations on 10 liter (■) and 
100 ml scale (O). 

35 Figure 2. Influence of pH on the specific growth rate |j max (in h~ 1 ) of S. thermophilus 
ST111 in milk enriched with 1.6 % (m/v) lactalbumine hydrolysate at a constant 
temperature of 42°C. The solid line is drawn according to the model (Rosso et a/., 1995). 
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Symbols represent the experimental data obtained by fermentations on 10 liter (■), 5 liter 
(□)and1.5 liter (O) scale. 

Figure 3. (A) Subunit structure of the exopolysaccharide produced by S. thermophilus 
5 ST111. (B) 400-MHz 1 H-NMR spectrum of the EPS from S. thermophilus ST1 1 1 

Figure 4. Fermentation profile of S. thermophilus ST111 at a constant temperature of 
37°C and a constant pH of 5.8 in milk medium enriched with lactalbumine hydrolysate 
(10.0 % skimmed milk powder and 1.6 % lactalbumine hydrolysate, m/v). The 
10 experimental data are displayed: optical density at 600 nm(i), lactose (0, g.r 1 ), lactic acid 
(O, g.l 1 ), galactose (□, g.l" 1 ), cumulative base consumption (A, ml base.r 1 ) and total 
exopolysaccharides (#, mg PDM.r 1 ). 

Figure 5. Gel permeation chromatogram of EPS produced by S. thermophilus ST1 1 1 in 
15 milk medium (10.0 %, m/v, skimmed milk powder) enriched with lactalbumine hydrolysate 
(1.6 %, m/v) at pH 5.8 and 42°C after 175 ml of base consumption. Vertical lines 
represent the molecular mass markers: (1) 1800 kDa, (2) 670 kDa, (3) 410 kDa, (4) 270 
kDa, (5) 150 kDa, and (6) 80 kDa. 

20 Figure 6. Fermentation profiles of S. thermophilus ST1 1 1 grown in modified milk medium 
(10.0 %, m/v skimmed milk powder and 1.6 %, m/v lactalbumine hydrolysate) with 
addition of sucrose (2.5 % f m/v). In part A optica) density at 600 nm (■), colony forming 
units (A, CFU.ml" 1 ), cumulative base consumption (A, ml base.r 1 ) and total 
exopolysaccharides (♦, mg PDM.r 1 ) are displayed. In part B lactose (0, g.l" 1 ), lactic acid 

25 (O, g.l' 1 ), galactose (□, g.l' 1 ), sucrose (■, g.r 1 ) and fructose (A, g.l' 1 ) are displayed. 

Figure 7. The influence of different EPS concentrations on the consistencies (K) of the 
EPS solutions. Strains were grown in milk (10.0%, wt/vol, skimmed milk powder) 
supplemented with lactalbumine hydrolysate (1.6%, wt/vol) for 12 h at 42°C and at a 
30 constant pH 6.2. Guar gum (■), non-floating EPS of S. thermophilus LY03 (A), floating 
EPS of S. thermophilus LY03 (A), non-floating EPS of S. thermophilus ST 111 (♦), 
floating EPS of S. thermophilus ST 111 (0), non-floating EPS of S. thermophilus ST 113 
(□), non-floating EPS of S. thermophilus STD (•, second Y-axis), and non-floating EPS 
of S. thermophilus CH101 (O). 
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EXAMPLES 

Example 1 : Materials and methods 
Strain and strain propagation. 

5 Streptococcus thermophilus ST 1 1 1 was used as the EPS-producing strain. The strain 
was disposed on May 29, 2002 under the accession number LMG P-21524 at the Belgian 
Coordinated Collections of Microorganisms (BCCM/LMG culture collection). 
The strain was stored at -80 °C in de Man-Rogosa-Sharpe (MRS) medium (Oxoid, 
Basingstoke, United Kingdom). To obtain exponentially growing cultures, S. thermophilus 
10 ST 1 1 1 was propagated twice at 42 °C for 12 h in the medium identical to the one used 
for the fermentations later on. 

Media 

In MRS medium (de Man et al., 1960), M17 medium (Terzaghi & Sandine, 1975), and HJL 
15 medium (Stingele et al M 1996), lactose, sucrose, glucose, galactose, fructose, and 

rhamnose were first tested as the sole energy source (2.0 %, m/v) for growth of S. 

thermophilus ST 111 on 10-ml scale. Then, different media were tested in Erlenmeyer 

flasks on 50-ml scale as to their capacity to support growth (measured by its final pH) and 

EPS production (measured as EPS yield) (Table 1). 
20 For all fermentations on 10-1 scale, milk medium (10 % skimmed milk powder, m/v) was 

used. When the influence of the nitrogen source was tested, milk medium was 

supplemented with casitone (1.6 %, m/v; Difco Laboratories), tryptone (1.6 %, m/v; Oxoid) 

or lactalbumine hydrolysate (1.6 %, m/v; Oxoid). 

25 Fermentation conditions, on line analysis and sampling. 

All fermentations were performed in an in situ sterilisable 15-1 laboratory fermentor 
(Biostat C, B. Braun Biotech International, Melsungen, Germany) containing 10 I of milk 
medium. The milk medium was sterilised in the autoclave at 121 °C for 20 min, and 
aseptically pumped into the fermentor. 

30 

Off line analyses. 

To measure the optical density the method described by Kanasaki et ai (1 975) was used. 
Briefly, samples were diluted with 0.2 % (m/v) EDTA, and 10 N NaOH was added to 
solubilise casein micelles. The optical density was measured at 600 nm (OD 6 oo), using 0.2 
35 % EDTA as bianco. These measurements were done in duplicate. For the viable cell 
counts, an agar medium composed of 1.0 % (wt/vot) yeast extract (VWR International), 
1.5 % (wt/vol) peptone (Oxoid), 1.0 % (wt/vol) tryptone (Oxoid), 1.0 % (wt/vol) glucose, 
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0.1 % (vol/vol) Tween 80, and i.5 % agar (Oxoid), was used. EPS were isolated as 
described below; the yield was expressed as the amount of polymer dry mass (PDM) after 
drying at 42°C for 48 h. Lactic acid and sugar concentrations were determined by high 
pressure liquid chromatography (HPLC) as described previously (De Vuyst et a/., 1998). 
5 The maximum specific growth rate p max (h" 1 ) was calculated as the maximum slope from 
the linearised values of the optical density as a function of the fermentation time (h). 

Isolation of EPS. 

EPS were isolated according to the method of Degeest & De Vuyst (1999). Briefly, a 
1 0 trichloroacetic acid (TCA) and acetone precipitation were carried out consecutively twice, 
resulting in a floating and a pelleted EPS fraction. Usually, after the first acetone 
precipitation only a pelleted EPS fraction was detected, while after the second acetone 
precipitation both fractions were recovered. Both fractions were always collected and 
dried together. Due to the low solubility in water of the EPS, about 77 ±2 % of the 
1 5 produced EPS were lost during the second TCA and acetone precipitation steps. For the 
EPS isolated at the beginning of the stationary phase (after 10 h of fermentation) and at 
the end of the fermentation (after 24 h), this loss was much lower, being about 62 % and 
45 %, respectively. This was probably due to the fact that these EPS fractions were more 
soluble. 

20 

Example 2 : Characterisation of EPS. 
Molecular Mass determination of EPS 

The EPS material isolated as described above was dissolved in MilliQ water (Millipore 
Corp., Bedford, Massachusetts, USA), dialysed against distilled water at 4°C for four days 
25 with water replacement twice a day, using Spectra/Por membranes (VWR International) 
with a MMCO of 3500 Da, and subsequently freeze-dried. 

The molecular mass of the isolated EPS of all fermentations was determined by gel 
permeation chromatography. A Sephacryl S-400 gel (Amersham Biosciences AB, 
Uppsala, Sweden) was used. Samples containing about 50 mg.ml' 1 of lyophilised EPS 

30 were applied. The EPS were eluted with 50 mM potassium phosphate/NaOH buffer (pH 
6.8) containing 0.15 M NaCI. A dextran standard series (molecular masses between 8.0 x 
10 4 and 1.8 x 10 6 Da) was used to estimate the EPS molecular mass. The polysaccharide 
content was determined by on line refractive index detection (Waters refractive index 
detector, Waters Corp., Milford, Massachusetts, USA). 

35 For comparison of the molecular mass of the EPS material obtained from fermentations 
carried out at constant pH, differences in growth rate and acidification between these 
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fermentation samples have to be eliminated. Therefore, sampling times to harvest EPS 
were linked to the amount of NaOH (10 N) added to the medium for pH control, namely 
after addition of 50, 100, and 175 ml. Two other samples were collected after 12 h and 24 
h of fermentation, respectively. The EPS of these samples was not dried, but immediately 
5 dissolved in approximately 50 ml of milliQ water, followed by dialysis and lyophilisation. 
When the EPS produced by S. thermophilus ST 1 1 1 was present in high concentrations, 
it could easily be precipitated with acetone and recovered as a floating material from 
fermented milk medium. Gel permeation chromatography of this material resulted in a 
peak with a molecular mass of more than 2 x 10 6 Da (Fig. 5). If the amount of EPS was 
10 rather low, the floating material could be detected only after a second acetone 
precipitation step. When the strain was grown in MRS, M17, and HJL, the pelleted 
material was contaminated with polysaccharides derived from yeast extract and peptone. 

Exopolysaccharide structure elucidation by one-dimensional NMR spectroscopy. 

15 For structure determination, EPS material was obtained from fermentations carried out in 
milk medium, and isolated and diaiysed as described above. The lyophilised 
polysaccharide was dissolved directly in D z O (99.9 % D; Goss Scientific Instruments Ltd., 
Essex, United Kingdom). NMR spectra were recorded at a probe temperature of 70 °C. 
The elevated temperature shifted the HOD signal to higher field into a clear region of the 

20 spectrum. The higher temperature also increased spectral resolution by reducing the 
sample viscosity. The NMR spectra were recorded on a Bruker Avance DPX400 MHz 
spectrometer operating with Z-field gradients and using Bruker's pulse programmes. 
Chemical shifts are expressed in ppm relative to internal acetone, 5 2.225. The 1D 1 H 
spectra were processed with 32,768 data points. The 2D gs-DQF-COSY spectrum was 

25 recorded in magnitude mode at 70 °C, the time-domain data was multiplied by a squared- 
sine-bell function (SSB 0). After applying linear-prediction and after Fourier 
transformation, data sets of 1024 by 1024 points were obtained. 

To determine the monomer composition of the EPS produced by S. thermophilus ST 1 1 1 , 
a culture grown in milk medium at 42°C and with free pH, was used. The monomer 

30 composition was determined after acid hydrolysis of purified EPS with 6 M trifluoroacetic 
acid (TFA) at 100 °C for 3 h, using an HPLC with pulsed amperometric detection (Dionex, 
Sunnyvale, California, USA) as described previously (Degeest et al., 2001a), giving a 
galactose/rhamnose ratio of 2.5:1.0. This composition was also confirmed by NMR 
spectroscopy. The 1 H spectra recorded for the EPS samples, isolated during the 

35 stationary phase from several milk fermentations of S. thermophilus S111, were identical 
(Fig. 3). There were seven low field H-1 signals, designated A-G in Fig. 3 (6 5.26 A H-1, 
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5.25 B H-1, 5.16 C H-1, 5.16 D H-1, 5.01 E H-1, 4.65 F H-1 and 4.45 GH-1). The 
locations of the related H-2 resonances were available from the COSY spectrum (8 4.02 
A H-2, 4.05 B H-2, 3.96 C H-2, 4.03 D H-2, 4.35 E H-2, 3.50 F H-2 and 3.53 G H-2). From 
this information, the polysaccharide repeating unit comprises two rhamnosyl and three a- 
5 galactosyl (A-E) linkages with two p-galactosyl linkages (F,G) displaying characteristic 
trans couplings (Fig. 3A). The spectra and the H-1 and H-2 chemical shifts resulted in the 
structure represented in Fig. 3B. 

Example 3. Growth and exopolysaccharide production kinetics of S. thermophilus 
ST111. 

S. thermophilus ST 111 only grew in MRS, M17, and HJL media supplemented with 
glucose, lactose, and sucrose as the sole energy source. On 50-ml scale it was observed 
that EPS production was comparable in all three media when 2.0 % of lactose was used, 
with an increase in EPS yield for higher lactose concentrations. In milk medium, both 
growth and EPS production were enhanced when an additional energy or nitrogen source 
were applied. Contaminating polysaccharide material from medium constituents was 
present in all complex media, except in milk (T able 1). 

S. thermophilus ST 1 1 1 displayed a very low proteolytic activity, as indicated by its slow 
coagulation of milk at a suboptimal growth temperature of 30 °C. Further, fermentation in 
milk alone with S. thermophilus ST 1 1 1 only slightly improved the viscosity of the medium. 
During fermentations performed in milk medium at 37°C with pH control, S. thermophilus 
ST 1 1 1 produced about 70 mg of PDM (EPS) per liter after 12 h of fermentation (Table 2). 

Example 4 : Effect of nitrogen source on EPS production 

25 The influence of the nitrogen source was tested. Casitone, tryptone, and lactalbumine 
hydrolysate were sterilised separately and aseptically added to the fermentor. All these 
fermentations were performed at 37 °C and at a constant pH of 5.8. 
To keep the fermentation medium homogeneous, agitation was performed at 100 rpm 
with a stirrer composed of three standard impellers. The fermentor was inoculated with 

30 1 .0 % (v/v) of an exponentially growing culture of the ST 1 1 1 strain. The temperature, pH, 
and agitation were computer-controlled and monitored on line (Micro MFCS for 
Windows™NT software, B. Braun Biotech International). At regular time intervals, 
samples were aseptically withdrawn from the fermentor to determine the optical density, 
number of viable cells (CFU/ml), EPS yield, and lactic acid, galactose, and residual 

35 lactose concentrations. 
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A fermentation profile for the growth in milk supplemented with 1 .6 % of lactalbumine 
hydrolysate is given in Figure 4. Growth was very fast (M max = 1.38 h" 1 ) with a short lag 
phase, followed by an exponential growth phase that stopped after complete lactose 
consumption. The EPS production paralleled the exponential growth phase, and 
5 continued during the stationary phase. The increase at the end of the stationary phase 
was probably due to the fact that less material was lost upon isolation due to its better 
solubility. 

When milk medium was enriched with tryptone, casitone, or lactalbumine hydrolysate, 
both growth and EPS production were enhanced (T able 2). 

10 In the presence of lactalbumine hydrolysate and tryptone, the growth profile and the EPS 
production were similar, but in the presence of casitone the p max was lower as well as the 
maximum EPS yield (Table 2). For further fermentation studies, lactalbumine hydrolysate 
was used to supplement the milk because this medium supported the highest maximum 
specific growth rate, which is important for the growth-associated EPS production. Also, 

1 5 contaminating polysaccharides are lacking in this medium. 

Example 5: Effect of temperature on EPS production 

Fermentations were carried out in milk medium supplemented with lactalbumine 
hydrolysate (1.6 %) at a temperature of 25 °C, 32 °C, 37 °C, 42 °C, 46 °C and 49 °C, all 

20 performed at a constant pH of 5.8. 

To determine the critical temperature for growth, static 100-ml fermentations in milk were 
performed at temperatures below 25 °C and above 46 °C. The influence of temperature 
on p max was modeled according to the equations of Rosso et al. (1995). 
The results of the influence of the fermentation temperature on growth and EPS 

25 production by S. thermophilus ST 1 1 1 are given in Table 3. The strain showed very good 
growth within the temperature range from 32 to 46 °C (the maximum specific growth rate 
varied from 1.13 h' 1 to 1.46 h' 1 ), and a slower growth at 25 °C (p max = 0.40 h" 1 ) and 49°C 
(Mmax = 0.70 h" 1 ). The optimal growth temperature was 42 °C (Mmax = 1.46 h" 1 ). A very slow 
growth was detected at 20 °C (final pH = 4.7) and 50 °C (final pH = 5.4), but no growth 

30 was observed at 15 °C and 55 °C. The minimum (17 °C), optimum (40 °C) and maximum 
(52 °C) temperature were modeled with the equation of Rosso (1995) (Fig. 1). The 
activation energy of growth (E a ) was calculated as 46 kJ.mol* 1 (Arrhenius plot not shown). 
The highest EPS production was detected when the strain was grown at 37 and 42 °C, 
namely 485 and 423 mg of PDM.I" 1 . It was much lower at 25 and 46 °C, namely 294 and 

35 176 mg of PDM.T 1 , respectively (Table 3). Although the relatively small maximum growth 
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rate at 49°C (maximum ODeoo = 3.4), the EPS production was rather high (152 mg of 
PDM.I' 1 ), indicating a higher specific EPS production at this temperature. 
At different temperatures the EPS production displayed the same profile for all 
fermentations, except for the ones carried out at 25 and 32 °C. The EPS concentration at 
5 the end of the growth phase was similar for fermentations at 37°C (327 mg PDM.r 1 ) and 
42 °C (305 mg PDM.I" 1 ). At lower temperatures, the EPS yields decreased at the end of 
the fermentation. 

Example 6: Effect of pH on EPS production 

1 0 The fermentation temperature was kept constant at 42 °C, and the initial pH of the milk 
was adjusted to pH 5.1, 5.5, 5.8, 6.2, or 6.6, and kept constant by automatic addition of 
10 N NaOH. 

Another series of fermentations was carried out at 42 °C and at constant pH values of pH 
5.3, 6.7, 7.5, 7.7, 8.1 and 8.7, to determine the critical pH values for growth. The influence 

15 of pH on p max was modeled according to the equations of Rosso et al. (1 995). 

Because of the low EPS amounts isolated from milk fermented with S. thermophilus ST 
111 without pH control, several fermentations were carried out at different constant pH 
values (Table 4). They were all performed at 42 °C, the temperature used for the 
production of yoghurt, and because this temperature resulted in the fastest growth (Table 

20 3). The highest maximum growth rate was detected when the pH was kept constant at pH 
6.2 during fermentation. The p max for this fermentation was 1 .79 h' 1 and the maximum j 
OD 600 value was highest as well (13.8). The highest EPS yield (556 mg of PDM/I) was 
detected when strain ST 1 1 1 was grown at 42 °C and at a constant pH of 6.2. At constant 
pH 5.5, growth was much slower (p max = 1.28 h' 1 ) and EPS production was lower (215 mg 

25 of PDM/I). At constant pH 5.1, growth was even more slow (p max = 1.04 h" 1 ) and EPS 
production was lowest (101 mg of PDM/I). Applying the equation of Rosso, the optimal pH 
for the growth of this strain was estimated to be pH 6.25 with a p max of 1 .78 h* 1 (Fig. 2). No 
growth could be detected below pH 4.8 (pH m i n ) and above pH 8.1 (pH max ). 

30 Example 7 . Influence of the growth conditions on the EPS monomer composition 
and molecular mass 

EPS material collected from different fermentations was used for molecular mass 
determination and monomer composition analyses. Growth conditions (milk with different 
nitrogen sources, temperature, and pH) did not affect the monomer composition of the 
35 EPS produced by S. thermophilus ST 111. The same composition of 5 Gal and 2 Rha 
was determined for all samples analyzed. Also, the molecular mass of the EPS was not 
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. influenced by the growth conditions and sampling time (Table 5). All GPC chromatograms 
showed the presence of high-molecular-mass EPS (> 2000 kDa) (Fig. 5). For all 
fermentations no second, low-molecular-mass peak appeared in function of time, 
indicating the production of a stable EPS under the different conditions. 

5 

Example 8 : Influence of sugar combinations on the growth and EPS production of S. 
thermophilus ST 1 1 1 

AH fermentations were carried out in a 10 I (working volume) Biostat® C fermentor (B. 
Braun Biotech, Melsungen, Germany). The fermentations were done in enriched milk 
1 0 medium (1 0.0 % skimmed milk powder and 1 .6 % lactalbumine hydrolysate, m/v) to which 
an additional sugar (2.5 %, m/v) was added (glucose, galactose, fructose, or sucrose). 
This modified milk medium has the advantage to enhance the bacterial growth and EPS 
production without the interference of medium components with the isolation of EPS. All 
fermentations were pH and temperature controlled (pH 6.2, T = 42°C). Bacterial growth 
15 was followed by measuring the base consumption (on line), the optical density (OD) at 
600 nm, and cell counts (CFU per ml) after plating on an agar medium described before 
in Example 1. The measurements of OD in milk were done in duplicate and averaged 
according to a modified method of Kanasaki et ai (1975). The EPS were isolated from 
500 ml samples using the isolation protocol described in Example 1 . Floating and non- 
20 floating EPS material were collected separately. At regular times, samples were taken for 
analysis of residual sugars and produced metabolites by HPLC with a refraction detector 
(Waters Corporation, Milford, MA, USA). In the case of fermentations with fructose or 
sucrose as additional carbohydrate source, the concentrations of fructose, galactose, 
lactose, and sucrose were determined using an HPLC with amperometric detection 
25 (Dionex, Sunnyvale, California, USA). The results are presented in Table 6 and Fig 6. 

Bacterial growth and EPS concentration were highest when glucose or sucrose was 
added to the enriched milk medium. When sucrose was used as an additional 
carbohydrate source, an exceptional amount of more than 3 g of polymer dry mass (PDM) 
of EPS per liter medium could be recovered (Table 6). The lowest EPS concentration was 
30 found in the case of galactose. In this experiment no distinction was made between 
floating and non-floating material during EPS isolation. Separate collection of both EPS 
fractions usually resulted in higher yields as can be seen in the case of glucose. An EPS 
collection without making a distinction between floating and non-floating EPS material 
resulted in an EPS concentration that was 53 % lower than when both fractions were 
35 isolated and collected separately (Table 6). This loss of EPS could be attributed to the 
lower solubility of the high EPS concentrations. The carbohydrate source did not change 
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the specific EPS yield (Table 6). Glucose was consumed more slowly than lactose while 
sucrose and lactose were consumed simultaneously (Figure 6). When glucose or sucrose 
were added to the milk medium, the yield of lactic acid based on the lactose consumption 
(Yla/s) was higher when compared to milk medium with no sugar addition. S. thermophilus 
5 ST 1 1 1 consumed sucrose, most probably by splitting sucrose into fructose and glucose. 
Glucose is then consumed, yielding two extra moles of lactic acid. Compared to the 
theoretical value (Y Fr u/suc =1.0 mol of fructose per mol of sucrose), the yield of fructose 
based on the consumption of sucrose is small (Y Fru/Suc = 0.4 mol of fructose per mol of 
sucrose). A limited amount of fructose is secreted into the medium (Table 1).) which 

10 indicates that part of the fructose has been used for EPS formation. In milk medium, 
galactose and fructose were consumed in a very little amount by S. thermophilus ST 1 11 . 
When galactose was added, the yield of galactose based on the consumption of lactose 
(Yaai/s = 0.66 mol of galactose secreted per mol of lactose consumed) was lower 
compared to the theoretical value (YGai/s = 1 mol of galactose secreted per mol of lactose 

1 5 consumed) when no galactose would have been consumed (Table 6). This indicates a 
limited galactose metabolism of S. thermophilus ST 111. The fructose consumption in 
combination with lactose was rather slow and limited (35 % of the initial fructose is 
consumed after 24 h of fermentation) and lead to a small increase in the yield of lactic 
acid based on the consumption of lactose (Ylms = 2.15 mol of lactic acid per mol of 

20 lactose) compared to the theoretical value (Y^ = 2.00 mol/mol). 

Example 9 : Characterization of EPS: Apparent viscosity measurements of pure EPS 
solutions. 

Strains and strain propagation 

25 The EPS-producing strains S. thermophilus LY03, S. thermophilus ST 113, S. 
thermophilus STD, and S. thermophilus CH101 were propagated in the same way as S. 
thermophilus ST 1 1 1 and these strains were included to compare the viscosifying effect of 
their EPS with that from S. thermophilus ST 1 1 1 . 
Methods 

30 To study and compare the rheology of pure EPS solutions from S. thermophilus ST 1 1 1 
with those from four other EPS-producing S. thermophilus strains (S. thermophilus LY03, 
S. thermophilus ST 113, S. thermophilus STD, and S. thermophilus CH101), 
fermentations were carried out in milk medium supplemented with lactalbumine 
hydrolysate (1.6 %, wt/vol) to obtain EPS free of contaminating polysaccharides. After 12 

35 h of fermentation at 42°C and a constant pH of 6.2 (controlled by automatic addition of 10 
N NaOH), EPS were isolated according to the method of Degeest & De Vuyst (1999). 
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Likewise, a distinction was made between floating and non-floating EPS material. The two 
fractions were separately harvested, purified and analysed. Purification of the EPS was 
done according to the method mentioned above (example 2, molecular mass 
determination of EPS). Apparent viscosity measurements were performed on 0.5 ml 
5 samples, using a cone-plate Brookfield Digital Rheometer Model DV III (Brookfield 
Engineering Laboratories Inc., Stoughton, MA, USA). The rheometer was equipped with a 
flat spindle, type CP 40 (Brookfield Engineering Laboratories Inc.), which rotated in a 
sample-containing chamber connected to a temperature-controlled cryostat water bath 
(Thermomix®, B. Braun Biotech International). The rheometer was controlled with the 

10 Brookfield Rheocalc software (Brookfield Engineering Laboratories Inc.). To study the 
rheology of solutions of purified EPS, a series of apparent viscosity measurements 
(during 90 s) were performed on solutions with varying EPS concentrations (expressed as 
glucose equivalents; Scott & Melvin, 1953) to determine the range of possible 
programmable measurements, that is a range were the torque was comprised between 

1 5 15% and 85% of the maximum torque. It turned out that the different EPS solutions could 
not be compared at a common concentration. Subsequently, for each EPS flow curves 
were determined in a certain concentration range, depending on the EPS used. This has 
been performed by gradually increasing the velocity of the spindle with a constant step 
after a constant time interval (90 s). If possible, measurements were programmed to build 

20 flow curves composed of 10 to 20 experimental points. To compare the viscosity of the 
EPS from the different strains, the flow properties of these EPS solutions were 
determined by the power law model (Walter, 1998) given by 



t = «Y < 1 > 

25 

for which t is the applied shear stress (Pa), K is the consistency index (Pa.s) that is typical 
for a certain liquid, y is the velocity gradient or the so-called shear rate (s 1 ), and v is an 
exponent that characterizes the shear-thinning (0 < v < 1) or shear-thickening (v > 1) 
behaviour of a liquid. When v = 1, the solution behaves as a Newtonian liquid. The 

30 different parameters of the power law equation are graphically obtained after linearisation 
of equation (1). The values of the parameters are independent of the applied shear rates 
and allow the comparison of different samples. Likewise, the consistency of an EPS 
solution was determined for different concentrations, based on flow curves measurements 
(see above). This resulted in a graphical presentation of the viscosifying effect of each 

35 EPS as a function of its concentration. Guar gum (from the leguminous plant Cyamopsis 
tetragonolobus; molecular mass approximately 220 kDa; Sigma? St. Louis, Missouri, USA) 
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tetragonolobus\ molecular mass approximately 220 kDa; Sigma, St. Louis, Missouri, USA) 
was used as a reference polysaccharide during all experiments. For each polysaccharide, 
programmable measurements were performed in triplicate for at least two different EPS 
concentrations. The parameters were averaged and standard deviations were calculated. 
5 All the flow curves were measured at 25°C. 
Results 

Flow curves were determined using different concentrations of pure EPS derived from the 
five strains mentioned above. The effect of the EPS concentration on the consistency (/C, 
in mPa.s) of the different EPS solutions is given in Fig. 7. In general, K increased with 

1 0 increasing EPS concentration. However, large differences in the viscosifying effects of the 
different EPS were determined (Fig. 7). The highest consistencies were found for guar 
gum, EPS from S. thermophilus LY03, and EPS from S. thermophilus ST 111. A tenfold 
increase in concentration resulted in a similar range of K for EPS solutions from S. 
thermophilus ST 113. A high concentration of EPS from S. thermophilus STD displayed a 

15 very low-range consistency (9 mPa.s). No differences were observed between floating 
and non-floating EPS material of S. thermophilus LY03. In contrast, non-floating EPS 
from S. thermophilus ST 1 1 1 showed a different, lower K compared with the floating EPS 
material. Hence, S. thermophilus ST 111 possibly produces two high-molecular-mass 
EPS with different molecular masses, but which could not be differentiated experimentally 

20 from each other because these molecular masses exceeded the linear range of the gel 
permeation chromatography column. All different EPS discussed here displayed a shear- 
thinning character (0 < v < 1 ). 
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Table 2 



Milk medium 


Maximum 
OD 600 


Maximum 
cell number 
(CFU/ml) 


Mmax 

(h- 1 ) 


Maximum 
EPS yield 
(mg PDM/I) 


without additional 
nitrogen source 


1.8 


2.6 x10 9 


1.32 


70 


with 1 .6 % (m/v) casitone 


10.4 


2.4 x10 10 


0.92 


254 


with 1.6% (m/v) tryptone 


10.7 


4.5 x10 10 


1.22 


580 


with 1 .6 % (m/v) 
lactalbumin hydrolysate 


13.8 


8.0 x10 10 


1.38 


485 



Table 3 



Growth 


Maximum 


Maximum cell 


Pmax 


Maximum 


temperature 


OD 600 


number 




EPS yield 


(°C) 








(mg PDM/I) 


25 


8.1 


2.6 x10 9 


0.40 


294 


32 


13.1 


4.5 x 10 9 


1.13 


446 


37 


13.8 


8.0 x 10 10 


1.38 


485 


42 


12.2 


2.7 x10 9 


1.46 


423 


46 


9.4 


9.3 x10 s 


1.16 


176 


49 


3.4 


7.5 x 10" 


0.70 


152 
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Table 4 



pH 


Maximum O.D. 

600nm 


Maximum cell 
number 


Umax (h" 1 ) 


Maximum EPS 
yield (mg PDM / I) 


5.1 


5.9 


9.0 x 10 


1.04 


101 


5.5 


10.8 


1.2x10 a 


1.28 


215 


5.8 


13.8 


8x 10 10 


1.38 


485 


6.2 


13.8 


6.2 x 10 s 


1.79 


556 


6.6 


9.85 


2.3 x 10 9 


1.44 


443 



Table 5 



Constant pH 
value 


Sampling time 


50 ml 


100 ml 


175 ml 


12 h 


24 h 


Retention time (min) 


pH 5.5 


78.7 


77.8 


78.8 


77.9 


78.3 


pH 5.8 


75.6 


75.0 


74.9 


77.5 


79.6 


pH 6.2 


73.4 


73.9 


76.5 


74.9 


75.9 


pH 6.6 


78.5 


78.0 


78.1 


78.2 


78.1 
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Table 7 


i ype ot Terrneniea proauci 


LaLlIU dUlU UaV/lcl la 


dairy products 




hard cheeses without eyes 


L. tecf/s subsp. lactis, L lactis subsp. cremoris 


cheeses with small eyes 


L lactis subsp. lactis, L lactis subsp. lactis var. 




diacetylactis, L lactis subsp. cremoris, Leuc. 




mesenteroides subsp. cremoris 


Swiss- and Italian-type 


Lb. delbrueckii subsp. lactis, Lb. helveticus, Lb. casei, 


cheeses 


Lb. delbrueckii subsp. bulgaricus, S. thermophilus 


butter and buttermilk 


L lactis subsp. lactis, L. lactis subsp. lactis var. 




diacetylactis, L. lactis subsp. cremoris 




Leuc. mesenteroides subsp. cremoris 


yoghurt 


Lb. delbrueckii subsp. bulgaricus, S. thermophilus 


fermented, probiotic milk 


Lb. casei, Lb. acidophilus, Lb. rhamnosus, Lb. johnsonii, 




B. animalis, B. bifidum, B. breve 


kefir 


Lb. kefir, Lb. kefiranofacies, Lb. brevis 



' B. = Bifidobacterium, L. = Lactococcus, Lb. = Lactobacillus, Leuc. =Leuconostoc 
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filed by the applicant with the Norwegian Patent Office not later than at the time when 
the application is made available to the public under Sections 22 and 33(3) of the 
Norwegian Patents Act. If such a request has been filed by the applicant, any request 
made by a third party for the furnishing of a sample shall indicate the expert to be used. 
That expert may be any person entered on the list of recognized experts drawn up by 
the Norwegian Patent Office or any person approved by the applicant in the individual 
case. 

AUSTRALIA 

The applicant hereby gives notice that the furnishing of a sample of a microorganism 
shall only be effected prior to the grant of a patent, or prior to the lapsing, refusal or 
withdrawal of the application, to a person who is a skilled addressee without an interest 
in the invention(Regulation 3.25(3) of the Australian Patents Regulations). 

FINLAND 

The applicant hereby requests that, until the publication of the grant of a patent by the 
National Board of Patents and Registration or for 20 years from the date of filing if the 
application has been finally decided upon without resulting in the grant of a patent by the 
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National Board of Patents and Registrations, the furnishing of a sample shall only be 
effected to an expert in the art. Any request made by a third party for the furnishing of a 
sample shall indicate the expert to be used. That expert may be any person entered on 
the list of recognized experts drawn up by the National Board of Patents and 
Registration or any person approved by the applicant in the individual case. 

UNITED KINGDOM 

The applicant hereby requests that the furnishing of a sample of a microorganism shall 
only be made available to an expert. 

DENMARK 

The applicant hereby requests that, until the application has been laid open to public 
inspection (by the Danish Patent Office), or has been finally decided upon by the Danish 
Patent office without having been laid open to public inspection, the furnishing of a 
sample shall only be effected to an expert in the art. The request to this effect shall be 
filed by the applicant with the Danish Patent Office not later that at the time when the 
application is made available to the public under Sections 22 and 33(3) of the Danish 
Patents Act. If such a request has been filed by the applicant, any request made by a 
third party for the furnishing of a sample shall indicate the expert to be used. That expert 
may be any person entered on a list of recognized experts drawn up by the Danish 
Patent Office or any person by the applicant in the individual case. 

SWEDEN 

The applicant hereby requests that, until the application has been laid open to public 
inspection (by the Swedish Patent and Trademark Office), or has been finally decided 
upon by the Swedish Patent and Trademark Office without having been laid open to 
public inspection, the famishing of a sample shall only be effected to an expert in the art. 
Any request made by a third party for the furnishing of a sample shall indicate the expert 
to be used. That expert maybe any person entered on a list of recognized experts drawn 
up by the Swedish Patent and Trademark Office or any person approved by a applicant 
in the individual case. 



NETHERLANDS 

The applicant hereby requests that until the date of a grant of a Netherlands patent or 
until the date on which the application is refused or withdrawn or lapsed, the 
microorganism shall be made available as provided in the 3 1 F(l) of the Patent Rules 
only by the issue of a sample to an expert. The request to this effect must be famished 
by the applicant with the Netherlands Industrial Property Office before the date on which 
the application is made available to the public under Section 22C or Section 25 of the 
Patents Act of the Kingdom of the Netherlands, whichever of the two dates occurs 
earlier. 

ICELAND 

The applicant hereby requests that until a patent has been granted or a final decision 
taken by the Icelandic Patent Office concerning an application which has not resulted in 
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request to this effect shall be filed by the applicant with the Icelandic Patent Office not 
later than at a time when the application is made available to the public under Sections 
22 and 33(3) of the Icelandic Patent Act. If such a request has been filed by the 
applicant, any request made by a third party for the furnishing of a sample shall indicate 
the expert to be used. That expert may be any person entered on a list of recognized 
experts drawn up by the Icelandic Patent Office or any person by the applicant in the 
individual case. 

SINGAPORE 

The applicant hereby requests that the furnishing of a sample of a microorganism shall 
only be made available to an expert. 

SLOVENIA 

The applicant hereby requests that the furnishing of samples to a third party is subject to 
the condition that that party: (a) has the right to demand that a sample of the 
microorganism be made available; (b) has undertaken to ensure that the applicant does 
not authorize access to the sample of the deposited microorganism to any third party 
before the expiry of the prescribed period of validity of the patent. 

SWITSERLAND 

The applicant hereby requests that the furnishing of samples to a third party is subject to 
the conditions that that party indicates to the depository institution its name and address 
for the purpose of information of the depositor and undertakes: (a) not to make available 
the deposited culture or a culture derived from it to a third party; (b) not to use the culture 
outside the purview of the law; (c) to produce, in case of a dispute, evidence that the 
obligations under items (a) and (b) have not been violated. 

THE FORMER YUGOSLAV REPUBLIC OF MACEDONIA 

The applicant hereby requests that the furnishing of samples to a third party is subject to 
the condition that that party: (a) has the right to demand that a sample of the 
microorganism be made available; (b) has undertaken to ensure that the applicant does 
not authorize access to the sample of the deposited microorganism to any third party 
before the expiry of the prescribed period of validity of the patent. 
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BELGIAN COORDINATED COLLECTIONS OF MICROORGANISMS - BCCM 
LMG- COLLECTION 

Page 1 of Form BCC^^/LMG/BP/4/...9.?.7.. 1 .?. : ?. Receipt in the case of an original deposit 



Budapest Treaty on the International Recognition of the Deposit of Microorganisms for 

the Purposes of Patent Procedure 

Receipt in the case of an original deposit Issued pursuant to Rule 7.1 by the 
International Depositary Authority BCCM/LMG Identified at the bottom of next page 



international Form BCCM/LMG/BP/4/. 



02-123 



To: Name of the depositor 



Dr. L . De Vuyst 



Address 



Vrije Universiteit Brussel 
Onderzoeksgroep IMDO 
Pleinlaan 2 
1050 Brussel 



I. 



Identification of the microorganism: 



1.1 



Identification reference given by the depositor: 



ST 111 



I.2 



Accession number given by the International Depositary Authority: 



LMG P- 2 1524 
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BELGIAN COORDINATED COLLECTIONS OF MICROORGANISMS - BCCM 

L WIG-COLLECTION . . 

Page 2 of Form BCCM/LMG/BP/4/...9.?~ l 23 Receipt in the case of an original deposit 

II. Scientific description and/or proposed taxonomic designation 
The microorganism identified under I above was accompanied by : 

(mark with a cross the applicable box(es)): 

Q3 a scientific description 

Jx] a proposed taxonomic designation 

III. Receipt and acceptance 

This international Depositary Authority accepts the microorganism Identified under 
I above, which was received by It on (date of original deposit) : 



IV. international Depositary Authority 



Belgian Coordinated Collections of Microorganisms (BCCM) 

Laboratorlum voor Mlcroblologle - Bacterid overcame ling (LMG) 

Unlverslteit Gent 

K.L. Ledeganckstraat 35 

B-900O Gent, Belgium 

Signature(s) of person(s) having the power to represent the International Depositary Authority or 
of authorized official(s): 



May 29 , 2002 




Dr. D. Janssens, curator IDA 



Date 



June 4, 2002 
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BELGIAN COORDINATED COLLECTIONS OF MICROORGANISMS - BCCM 
LMG- COLLECTION 

Page 1 of Form BCCM/LMG/BP/9/.o?.- 123... Viability statement 

Budapest Treaty on the International Recognition of the Deposit of Microorganisms for 

the Purposes of Patent Procedure 

Viability statement Issued pursuant to Rule 10.2 by the International Depositary 
Authority BCCM/LMG Identified on the following page 

International Form BCCM/LMG/BP/9/...?.?-*. 2 .?. „ 
To: Party to whom the viability statement Is Issued: 

Name : Dr. L. De Vuyst 

Address : Vrije Universiteit Brussel 

Onderzoeksgroep IMDO 
Pleinlaan 2 
1050 Brussel 

I. Depositor: 

1.1 Name : Dr. L. De Vuyst 

1.2 Address : Vrije Universiteit: Brussel 

Onderzoeksgroep IMDO 
Pleinlaan 2 
1050 Brussel 

II. Identification of the microorganism 

11.1 Accession number given by the international Depositary Authority: 

LMG P-21524 

11.2 Date of the original deposit (or where a new deposit or a transfer has been made, the most 
recent relevant date) 

May 29, 2002 

III. Viability statement. 

The viability of the microorganism Identified under II above was tested on 

: May 29, 2002 

(Give date. In the cases referred to in Rule 10.2{a)(ii) and (tii). refer to the most recent viabitity test). 

On that date, the said microorganism was: (made the applicable box with a cross) 

03 viable 

□ no longer viable 
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BELGIAN COORDINATED COLLECTIONS OF MICROORGANISMS 
L P^' 2 C 0?^ Vtab* statement 



BCCM 



IV. conditions under which the viability test has been performed: 

(Fill in if the information has been requested and if the results of the test were negative). 



V. international Depositary Authority 



Belgian Coordinated Collections of Microorganisms (BCCM) 

Laboratorlum voor Microbiologic - Bacterlenverzamellng (LMG). 

Unlversttelt Gent 

K.L. Ledeganckstraat 35 

B-900O Gent, Belgium 



Slgnature(s) of persons) having the power to represent the International Depositary Authority or 
of authorized off icial(s) : 

1 




Dr. D- Janssens , curator IDA 



Date 



June 4, 2002 
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CLAIMS 

1 . Streptococcus thermophilus ST 1 1 1 strain as deposited on May 29, 2002 under the 
accession number LMG P-21524, encoding exopolysaccharide production. 

2. A functional starter culture comprising an exopolysaccharide-producing lactic acid 
5 bacterial strain of claim 1 . 

3. A co-culture comprising an exopolysaccharide-producing lactic acid bacterial strain of 
claim 1 . 

4. Use of a functional starter culture or a co-culture according to claim 2 or 3 for the 
production of high-molecular-mass heteropolysaccharides of at least 2.1 0 6 Dalton during 

1 0 fermentation. 

5. Use of a functional starter culture or a co-culture according to claim 2 or 3 for the 
fermentation of a food product. 

6. A method for preparing an exopolysaccharide comprising culturing an 
exopolysaccharide-producing lactic acid bacterial strain in a medium comprising milk and 

1 5 lactalbumin hydrolysate. 

7. A method according to claim 6, wherein said medium further comprises at least one 
additional mono-or disaccharfde. 

8. A method according to claim 6 or 7 characterized in that at least 60 % or 80 % by 
weight of said exopolysaccharide has a molecular mass of at least 2.10 6 Dalton. 

20 9. A method according to any of claims 6 to 8 characterized in that said 
exopolysaccharide has the following structure: 

P-D-Galp-(1-6)-pD-Galp 
1 

i 

25 4 

2)-a-L-Rhap-(1 ->2)-a-D-Galp-(1 --*3)-a-D-Galp-(1 ->3)-oc-D-Galp-(1 ->3)-ct-L-Rhap-(1 

wherein N is between 800 and 7000. 



30 10. A method according to any of claims 7 to 9 wherein said monosaccharide is chosen 
from glucose, galactose or fructose. 
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1 1 . A method according to any of claims 7 to 9 wherein said disaccharide is sucrose. 

12. A method according to any of claims 6 to 11 wherein a strain according to claim 1 is 
used. 

13. A high-molecular-mass exopolysaccharide of at least 2.10 6 Dalton obtainable by the 
5 method of any of claims 6 to 12. 

14. A method for improving the texture of a fermented product comprising adding at the 
start of or during the fermentation process, a culture of the Streptococcus thermophllus 
ST 1 1 1 strain of claim 1 . 

15. A method for improvement of water retention in a fermented product comprising 
adding at the start of or during the fermentation process, a culture of Streptococcus 
thermophllus ST 1 1 1 strain of claim 1 . 

16. A method for decreasing syneresis of a fermented product comprising adding at the 
start of or during the fermentation process, a culture of the Streptococcus thermophllus 
ST 1 1 1 strain of claim 1 . 

17. A method for improvement of water retention during the fermentation process 
comprising adding at the start of or during the fermentation process, a culture of the 
Streptococcus thermophllus ST 1 1 1 strain of claim 1 . 

18. A method for producing a dairy product comprising adding to the initial dairy product 
starter culture or adding during the fermentation process, a culture of the Streptococcus 
thermophllus ST 1 1 1 strain according to claim 1 . 

1 9. Use of a Streptococcus thermophllus ST 1 1 1 strain of claim 1 for the production of 
high-molecular-mass heteropolysaccharides of at least 10 6 Dalton in food fermentation 
processes. 

20. Use of a functional starter culture or a co-culture according to claim 5 wherein said 
food product is a dairy product. 

21. Use of a functional starter culture or a co-culture according to claim 20 wherein said 
dairy product is chosen from the group of milk products, fermented milk drinks, yoghurts, 
cheeses, sour cream, whipped toppings, quark and kefir. 

22. A dairy product obtainable by any of the methods of claims 14 to 18. 
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23. A dairy product according to claim 22 which is a Mozzarella cheese. 

24. A functional starter culture for the fermentation of a yoghurt comprising a culture of 
the Streptococcus thermophilus ST 1 1 1 strain of claim 1 and a culture of Lactobacillus 
delbrueckii subsp. bulgaricus. 

5 25. Use of a high-molecular-mass exopolysaccharide of at least 2.10 6 according to claim 
1 3 as an additive to a fermented or non-fermented food product. 

26. Use of a high-molecular-mass exopolysaccharide of at least 2.1 0 6 according to claim 
13 as an additive to a fermented or non-fermented food product for improving water 
retention of the food product. 

10 27. Use of a high-molecular-mass exopolysaccharide of at least 2.10 s according to 13 as 
an additive to a fermented or non-fermented food product for decreasing syneresis. 

28. Use of an exopolysaccharide according to claim 13 as an additive to a fermented or 
non-fermented food product for improving the texture of said food product. 

29. Use according to any of claims 25 to 28 wherein said food product is chosen from the 
15 group of milk products, fermented milk drinks, yoghurts, cheeses, soups, sour cream, 

whipped toppings, quark, kefir and sauces. 

30. A functional starter culture comprising an exopolysaccharide-producing lactic acid 
bacterial strain for the production of high-molecular-mass heteropolysaccharides of at 
least 2.10 6 Dalton during fermentation. 

20 31 . A co-culture comprising an exopolysaccharide-producing lactic acid bacterial strain for 
the production of high-molecular-mass heteropolysaccharides of at least 2.1 0 6 Dalton 
during fermentation. 
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